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This application is a continuation of U.S. patent applica-
tion Ser. No. 16/939,699 filed Jul. 27, 2020, which is a
continuation of U.S. patent application Ser. No. 16/565,609
filed Sep. 10, 2019, now U.S. Pat. No. 10,924,723 issued
Feb. 16, 2021, which is a continuation of U.S. patent
application Ser. No. 16/161,332 filed Oct. 16, 2018, now
U.S. Pat. No. 10,425,632 issued Sep. 24, 2019, which is a
continuation of U.S. patent application Ser. No. 15/015,427
filed Feb. 4, 2016 now U.S. Pat. No. 10,129,531 issued Nov.
13, 2018, which is a continuation of U.S. patent application
Ser. No. 13/771,865, filed Feb. 20, 2013, now U.S. Pat. No.
9,294,756 issued Mar. 22, 2016, the entireties of which are
incorporated herein by reference to the extent permitted by
law. The present application claims the benefit of priority to
Japanese Patent Application No. JP 2012-034974, filed on
Feb. 21, 2012 in the Japan Patent Office, the entirety of
which is incorporated by reference herein to the extent
permitted by law.

BACKGROUND

The present disclosure relates to an imaging apparatus and
an image sensor array, and more particularly, to an imaging
apparatus that images a subject as a stereo image, and to an
image sensor array used in such an imaging apparatus.

For some time, various imaging apparatus have been
proposed and developed. Additionally, there have been
proposed imaging apparatus configured to perform given
image processing on an imaging signal obtained by imaging
and output the result, such as an imaging apparatus that
images a subject as a stereo image, for example. For
example, International Publication No. 06/039486 proposes
an imaging apparatus that uses a technique called light field
photography. The imaging apparatus includes an imaging
lens, a microlens array (light field lens), a photosensitive
element, and an image processor. An imaging signal
obtained from the photosensitive element includes informa-
tion on the light intensity at the photosensitive surface of the
photosensitive element, as well as information on the travel
direction of that light. Additionally, on the basis of such an
imaging signal, an observed image from an arbitrary view-
point or direction may be reconstructed in the image pro-
cessor to obtain a stereo image.

Alternatively, there has been proposed a system in which
a common subject is simultaneously imaged by two video
cameras disposed to the left and right of each other, and a
stereo image is displayed by simultaneously outputting the
two images thus obtained (a right-eye image and a left-eye
image). However, when two video cameras are used in this
way, the apparatus becomes bulky and is impractical. More-
over, the baseline between the two video cameras, or in other
words, the interpupillary distance of the stereo camera, is
often set to approximately 65 mm, equivalent to the distance
between the human eyes, irrespective of the lens zoom ratio.
In such cases, binocular parallax increases for close-up
images and forces the viewer’s visual system to process
information differently from daily life, which can lead to
eyestrain. Additionally, imaging a moving subject with two
video cameras involves precise synchronization control of
the two video cameras and is extremely difficult. Accurate
control of the angle of convergence is also extremely diffi-
cult.
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In order to make adjusting the lens system easier for
stereo photography, there has been proposed a stereo pho-
tography apparatus that uses a shared optical system by
introducing a polarization filter which polarizes incoming
light such that respective rays become orthogonal to each
other (see Japanese Examined Patent Application Publica-
tion No. H6-054991, for example).

Also proposed is a technique that conducts stereo pho-
tography with an imaging apparatus made up of two lenses
and one imaging means (see Japanese Unexamined Patent
Application Publication No. 2004-309868, for example).
The imaging apparatus disclosed in this patent application
publication is provided with

imaging means in which a number of pixels correspond-
ing to an integer multiple of a given number of scanlines are
provided on an imaging surface,

first horizontal component polarizing means that trans-
mits only horizontal components in first image light from a
subject, and

first vertical component polarizing means, disposed sepa-
rated from the first horizontal component polarizing means
by a given distance, that transmits only vertical components
in second image light from the subject,

wherein the horizontal components transmitted by the first
horizontal component polarizing means are condensed onto
a given range of pixels on the imaging surface, and

the vertical components transmitted by the first vertical
component polarizing means are condensed onto a remain-
ing range of pixels that excludes the given range. Specifi-
cally, a horizontal component polarizing filter and a vertical
component polarizing filter are disposed separated by an
interval corresponding to the parallax of the human eyes,
and provided together with two lenses at a position separated
from the imaging surface of a CCD by a given distance.

SUMMARY

However, the imaging apparatus disclosed in Interna-
tional Publication No. 06/039486 is problematic in that the
imaging apparatus is bulky due to an increase in the number
of components. Additionally, with the recent advances in
higher definition (i.e., smaller pixels) for imaging apparatus,
light field lenses demand extremely precise positioning.

Meanwhile, with the technology disclosed in Japanese
Examined Patent Application Publication No. H6-054991,
the lens system is shared by overlapping the output from two
polarizing filters to merge the optical paths. However, addi-
tional polarizing filters are provided downstream for extrac-
tion of a right-eye image and a left-eye image, and the
optical path itself is again split in order for the light to enter
the separate polarizing filters. Thus, loss of light occurs in
the lens system, in addition to other problems such as the
difficulty of making the apparatus more compact. The tech-
nology disclosed in Japanese Unexamined Patent Applica-
tion Publication No. 2004-309868 entails two pairs of a lens
combined with a polarizing filter, and thus a more complex
and bulky apparatus is difficult to avoid. Furthermore, using
such imaging apparatus to photograph ordinary 2D images
rather than just stereo images creates additional apparatus
complexity, and is impractical.

In light of the foregoing, it is desirable to provide an
imaging apparatus having a simple configuration and struc-
ture that is able to image a subject as a stereo image, as well
as an image sensor array used in such an imaging apparatus.

According to a first, a second, and a third embodiments of
the present disclosure to realize the above issues, there is
provided an imaging apparatus including (A) an imaging
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lens and (B) an image sensor array in which a plurality of
first image sensor units and a plurality of second image
sensor units are arrayed. A single first image sensor unit
includes a single first microlens and a plurality of image
sensors, a single second image sensor unit includes a single
second microlens and a single image sensor, light passing
through the imaging lens and reaching each first image
sensor unit passes through the first microlens and forms an
image on the plurality of image sensors constituting the first
image sensor unit, light passing through the imaging lens
and reaching each second image sensor unit passes through
the second microlens and forms an image on the image
sensor constituting the second image sensor unit, and an
inter-unit light shielding layer is formed between the image
sensor units (specifically, at least between the first imaging
unit and the second imaging unit, and between the second
imaging units themselves).

In addition, in the imaging apparatus according to the first
embodiment of the present disclosure to realize the above
issues, a light shielding layer is not formed between the
image sensor units themselves which constitute the first
image sensor unit. Further, in the imaging apparatus accord-
ing to the second embodiment of the present disclosure, an
inter-device light shielding layer is formed only partially
between the image sensors themselves which constitute the
first image sensor unit. Furthermore, in the imaging appa-
ratus according to the third embodiment of the present
disclosure, an inter-device light shielding layer is formed
between the image sensor units themselves which constitute
the first image sensor unit.

According to the first, the second, and the third embodi-
ments of the present disclosure, there is provided an image
sensor array including a plurality of first image sensor units,
and a plurality of second image sensor units arrayed therein.
A single first image sensor unit includes a single first
microlens and a plurality of image sensors, a single second
image sensor unit includes a single second microlens and a
single image sensor, and an inter-unit light shielding layer is
formed between the image sensor units (specifically, at least
between the first imaging unit and the second imaging unit,
and between the second imaging units themselves).

In addition, in an image sensor array according to the first
embodiment of the present disclosure, a light shielding layer
is not formed between the image sensor units themselves
which constitute the first image sensor unit. Further, in an
image sensor array according to the second embodiment of
the present disclosure, an inter-device light shielding layer is
formed only partially between the image sensors themselves
which constitute the first image sensor unit. Furthermore, in
an image sensor array according to the third embodiment of
the present disclosure, an inter-device light shielding layer is
formed between the image sensor units themselves which
constitute the first image sensor unit.

According to a fourth, a fifth, and a sixth embodiments of
the present disclosure to realize the above issues, there is
provided an imaging apparatus including (A) an imaging
lens and (B) an image sensor array in which a plurality of
image sensor units are arrayed. A single image sensor unit
includes a single microlens and a plurality of image sensors,
light passing through the imaging lens and reaching each
image sensor unit passes through the microlens and forms an
image on the plurality of image sensors constituting the
image sensor unit, and an inter-unit light shielding layer is
formed between the image sensor units themselves.

According to the fourth, the fifth, and the sixth embodi-
ments of the present disclosure to realize the above issues,
there is provided an image sensor array including a plurality

10

15

20

25

30

35

40

45

50

55

60

65

4

of' image sensor units arrayed therein. A single image sensor
unit includes a single microlens and a plurality of image
sensors. An inter-unit light shielding layer is formed
between the image sensor units themselves

In addition, in an imaging apparatus or an image sensor
array according to the fourth embodiment of the present
disclosure, an inter-device light shielding layer is formed
between the image sensor units themselves which constitute
the image sensor unit. Further, in an imaging apparatus or an
image sensor array according to the fifth embodiment of the
present disclosure, an inter-device light shielding layer is
formed only partially between the image sensors themselves
which constitute the image sensor unit. Furthermore, in an
imaging apparatus or an image sensor array according to the
sixth embodiment of the present disclosure, an inter-device
light shielding layer is formed between the image sensor
units themselves which constitute the image sensor unit.

In an imaging apparatus or image sensor array according
to the first through third modes of the present disclosure, a
single first image sensor unit includes a single first microlens
and multiple image sensors, and image data for a stereo
image can be obtained from such a first image sensor unit,
while in addition, in an imaging apparatus or image sensor
array according to the fourth through sixth modes of the
present disclosure, a single image sensor unit includes a
single microlens and multiple image sensors, and image data
for a stereo image can be obtained from such an image
sensor unit. For this reason, the imaging apparatus does not
become bulky, extremely precise positioning of the first
microlens (or microlens) is not demanded, and the problem
of a large drop in resolution does not occur. Furthermore, an
image sensor array can be manufactured without adding
additional stages to the manufacturing process and without
introducing special manufacturing processes. Moreover, a
compact monocular imaging apparatus having a simple
configuration and structure can be provided. Additionally,
since the configuration does not involve two pairs of a lens
combined with a polarizing filter, imbalances and discrep-
ancies in factors such as zoom, aperture, focus, and angle of
convergence do not occur. Moreover, since the baseline for
binocular parallax is comparatively short, a natural stereo-
scopic effect can be achieved. Also, 2D images and 3D
images can be easily obtained depending on how image data
is processed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(A) and 1(B) are, respectively, a schematic partial
cross-section of an imaging apparatus or image sensor array
according to Example 1, and a schematic illustration of how
image sensors and microlenses are disposed therein;

FIGS. 2(A) and 2(B) are graphs illustrating simulated
results of the relationship between the sensitivity of image
sensors constituting a first image sensor unit and the angle
of incidence for light incident on the image sensors in an
imaging apparatus or an image sensor array according to
Example 1 and Example 2, respectively;

FIG. 3 is a conceptual illustration of light reaching an
image sensor array in an imaging apparatus according to
Example 1;

FIGS. 4(A) and 4(B) are conceptual illustrations of light
reaching an image sensor array in an imaging apparatus
according to Example 1, while FIGS. 4(C) and 4(D) sche-
matically illustrate images formed on all first image sensor
units in an image sensor array by the light illustrated in
FIGS. 4(A) and 4(B);
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FIG. 5(A) is a schematic illustration of a subject imaged
by an imaging apparatus according to Example 1, while
FIGS. 5(B) to 5(E) are conceptual illustrations of image data
for a subject imaged by an imaging apparatus according to
Example 1;

FIG. 6 schematically illustrates how first image sensor
units and second image sensor units are disposed in an image
sensor array according to Example 1;

FIG. 7 is a schematic illustration highlighting how the first
image sensor units are disposed in the image sensor array
according to Example 1 illustrated in FIG. 6;

FIG. 8 is a schematic illustration highlighting how the
second image sensor units are disposed in the image sensor
array according to Example 1 illustrated in FIG. 6;

FIG. 9 is a conceptual illustration of an imaging apparatus
according to Example 1;

FIG. 10 schematically illustrates how first image sensor
units and second image sensor units are disposed in an
exemplary modification of an image sensor array according
to Example 1;

FIG. 11 is a schematic illustration highlighting how the
first image sensor units are disposed in the exemplary
modification of an image sensor array according to Example
1 illustrated in FIG. 10;

FIG. 12 is a schematic illustration highlighting how the
second image sensor units are disposed in the exemplary
modification of an image sensor array according to Example
1 illustrated in FIG. 10;

FIG. 13 schematically illustrates how first image sensor
units and second image sensor units are disposed in another
exemplary modification of an image sensor array according
to Example 1;

FIG. 14 is a schematic illustration highlighting how the
first image sensor units are disposed in the other exemplary
modification of an image sensor array according to Example
1 illustrated in FIG. 13;

FIG. 15 is a schematic illustration highlighting how the
second image sensor units are disposed in the other exem-
plary modification of an image sensor array according to
Example 1 illustrated in FIG. 13;

FIGS. 16(A) and 16(B) are, respectively, a schematic
partial cross-section of an imaging apparatus or image
sensor array according to Example 2, and a schematic
illustration of how image sensors and microlenses are dis-
posed therein;

FIGS. 17(A) and 17(B) are, respectively, a schematic
partial cross-section of an imaging apparatus or image
sensor array according to Example 3, and a schematic
illustration of how image sensors and microlenses are dis-
posed therein;

FIGS. 18(A) and 18(B) are, respectively, a schematic
partial cross-section of an imaging apparatus or image
sensor array according to Example 4, and a schematic
illustration of how image sensors and microlenses are dis-
posed therein;

FIGS. 19(A) and 19(B) are, respectively, a schematic
partial cross-section of an imaging apparatus or image
sensor array according to Example 5, and a schematic
illustration of how image sensors and microlenses are dis-
posed therein;

FIGS. 20(A) and 20(B) are, respectively, a schematic
partial cross-section of an imaging apparatus or image
sensor array according to Example 6, and a schematic
illustration of how image sensors and microlenses are dis-
posed therein;

FIGS. 21(A) and 21(B) are, respectively, a schematic
partial cross-section according to Example 7 (being an
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exemplary modification of an imaging apparatus or image
sensor array according to Example 4), and a schematic
illustration of how image sensor and microlenses are dis-
posed therein;

FIGS. 22(A) and 22(B) are, respectively, a schematic
partial cross-section according to Example 7 (being an
exemplary modification of an imaging apparatus or image
sensor array according to Example 5), and a schematic
illustration of how image sensors and microlenses are dis-
posed therein; and

FIGS. 23(A) and 23(B) are, respectively, a schematic
partial cross-section according to Example 7 (being an
exemplary modification of an imaging apparatus or image
sensor array according to Example 6), and a schematic
illustration of how image sensors and microlenses are dis-
posed therein.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

Hereinafter, preferred embodiments of the present disclo-
sure will be described in detail with reference to the
appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements is omitted.

Hereinafter, present disclosure will be described on the
basis of examples, but the present disclosure is not limited
to the examples, and the various numerical values and
materials in the examples are for illustrative purposes. The
description will proceed in the following order.

1. General description of imaging apparatus and image
sensor array according to the first through sixth modes of the
present disclosure

2. Example 1 (imaging apparatus and image sensor array
according to the first mode of the present disclosure)

3. Example 2 (imaging apparatus and image sensor array
according to the second mode of the present disclosure)

4. Example 3 (imaging apparatus and image sensor array
according to the third mode of the present disclosure)

5. Example 4 (imaging apparatus and image sensor array
according to the fourth mode of the present disclosure)

6. Example 5 (imaging apparatus and image sensor array
according to the fifth mode of the present disclosure)

7. Example 6 (imaging apparatus and image sensor array
according to the sixth mode of the present disclosure)

8. Example 7 (modifications of Examples 4 to 6) and other

General Description of Imaging Apparatus and
Image Sensor Array According to the First Through
Sixth Modes of the Present Disclosure

In the following description, a first image sensor unit in an
imaging apparatus and image sensor array according to the
first through third modes of the present disclosure and an
image sensor unit in an imaging apparatus and image sensor
array according to the fourth through sixth modes of the
present disclosure may be collectively designated the “(first)
image sensor unit” in some cases. Likewise, a first microlens
in an imaging apparatus and image sensor array according to
the first through third modes of the present disclosure and a
microlens in an imaging apparatus and image sensor array
according to the fourth through sixth modes of the present
disclosure may be collectively designated the “(first) micro-
lens” in some cases.



US 11,736,676 B2

7

In an imaging apparatus or image sensor array according
to the first through sixth modes of the present disclosure,

a (first) image sensor unit includes four image sensors,
these being a first image sensor, a second image sensor, a
third image sensor, and a fourth image sensor,

which may be embodied such that the first image sensor
and the second image sensor are disposed along a first
direction, the third image sensor is adjacent to the first image
sensor along a second direction orthogonal to the first
direction, and the fourth image sensor is adjacent to the
second image sensor along the second direction.

Alternatively, in an imaging apparatus or image sensor
array according to the second mode or the fifth mode of the
present disclosure,

a (first) image sensor unit includes four image sensors,
these being a first image sensor, a second image sensor, a
third image sensor, and a fourth image sensor,

the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction, and

an inter-device light shielding layer disposed in the
boundary regions of the first image sensor, the second image
sensor, the third image sensor, and the fourth image sensor.
The planar shape of the inter-device light shielding layer
may take a square pattern, but in some cases may also take
a rectangular pattern that is elongated in the first direction.
In the case where the planar shape of the inter-device light
shielding layer is taken to be square, the length of an edge
of the square is preferably from 0.1 to 0.2 times the length
of an edge of an image sensor constituting the (first) image
sensor unit. In the case where the planar shape of the
inter-device light shielding layer is taken to be rectangular,
the length of the long edge is preferably from 0.1 to 2 times
the length of an edge of an image sensor constituting the
(first) image sensor unit.

Furthermore, in the various preferable embodiments
described above for an imaging apparatus or image sensor
array according to the first through sixth modes of the
present disclosure,

take a first virtual plane to be the plane extending in the
first direction that includes the normal line of the (first)
microlens passing through the center of the (first) microlens,
and take the normal line of the photosensitive surface of a
photoelectric transducer discussed later to be the base of
reference for the value of a center angle of incidence 6, for
all (first) image sensor units obtained by collimated light
parallel to the first virtual plane from the spatial region
above the first image sensor and the third image sensor that
passes through the (first) microlens and reaches the second
image sensor and the fourth image sensor. In this case, the
value of the center angle of incidence 0, satisfies:

0°504<15°

Meanwhile, if 6,, is taken to be the angle of incidence and
(80, is taken to be the received light intensity at an image
sensor along each angle of incidence 0,,, the center angle of
incidence 6, can be expressed as:

8,=2{(6,%(6,))/(56,)}

Alternatively, the baseline for binocular parallax between an
image obtained from the first image sensor and the third
image sensor versus an image obtained from the second
image sensor and the fourth image sensor in all (first) image
sensor units may be computed as 4f/(3xnF), where f is the
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focal length of the imaging lens (in millimeters, for
example) and F is the f-number.

Additionally, in an imaging apparatus or an image sensor
array according to the first through third modes of the
present disclosure that includes the preferable embodiments
and configurations described above, a 1-pixel unit may be
made up of multiple second image sensor units, and con-
figured such that the surface area (or planar shape) occupied
by a single first image sensor unit is equivalent to (or in a
similar shape as) the surface area (or planar shape) occupied
by a 1-pixel unit. Also, in this case, the width of an inter-unit
light shielding layer in the first image sensor units may be
configured to be greater than the width of the inter-unit light
shielding layer in the second image sensor units. Thus, the
amount of light bleed into the first image sensor units from
the second image sensor units may be decreased. Further-
more, the inter-unit light shielding layers preferably satisfy

0.1=W,/1,<0.9

where W, is the width of the inter-unit light shielding layer
in the first image sensor units, and W, is the width of the
inter-unit light shielding layer in the second image sensor
units. Also, in an imaging apparatus or an image sensor array
according to the first through third modes of the present
disclosure that includes these configurations, it may be
configured such that the first image sensor unit includes four
image sensors, and four second image sensor units constitute
a 1-pixel unit.

In an imaging apparatus according to the first through
third modes of the present disclosure, image data obtained
from the first image sensor units can be combined with
image data obtained from the second image sensor units to
obtain data for a stereo image (right-eye image data and
left-eye image data). Specifically, a stereo image may be
obtained on the basis of image data obtained from the first
and third image sensors (herein referred to as “first image
data” for convenience), and image data obtained from the
second and fourth image sensors (herein referred to as
“second image data” for convenience) in all first image
sensor units. Alternatively, depending on whether the imag-
ing apparatus is arranged horizontally or vertically, a stereo
image may be obtained on the basis of image data obtained
from the first and second image sensors, and image data
obtained from the third and fourth image sensors. The
obtained stereo image may be based on the baseline for
binocular parallax discussed earlier, for example. More
specifically, a depth map (depth information) may be created
on the basis of first image data and second image data, for
example, and data for a stereo image (right-eye image data
and left-eye image data) may be obtained from the depth
map (depth information) and image data obtained from all
second image sensor units. Note that the first image sensor
units could also be referred to as “image sensor units for
parallax detection”, whereas the second image sensor units
could also be referred to as “image sensor units for image
generation”.

In an imaging apparatus according to the fourth through
sixth modes of the present disclosure, data for a stereo image
(right-eye image data and left-eye image data) may be
obtained on the basis of image data obtained from image
sensor units. Specifically, a stereo image may be obtained on
the basis of image data obtained from the first and third
image sensors (first image data), and image data obtained
from the second and fourth image sensors (second image
data) in all image sensor units. Alternatively, depending on
whether the imaging apparatus is arranged horizontally or
vertically, a stereo image may be obtained on the basis of
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image data obtained from the first and second image sensors,
and image data obtained from the third and fourth image
sensors. Alternatively, a stereo image may be obtained on the
basis of image data obtained from the first image sensor (first
image data), image data obtained from the third image
sensor (first image data), and image data obtained by pro-
cessing image data obtained from the fourth image sensor
(first image data), as well as image data obtained from the
second image sensor (second image data), image data
obtained from the fourth image sensor (second image data),
and image data obtained by processing image data obtained
from the first image sensor (second image data) in all image
sensors. The obtained stereo image may be based on the
baseline for binocular parallax discussed earlier, for
example. Note that in this case, the image sensors are not
only image sensor units for parallax detection, but also
image sensor units for image generation.

In an imaging apparatus or image sensor array according
to the first through third modes of the present disclosure, the
first image sensor units may be disposed on the grid points
of a lattice in a first direction and a second direction. In other
words, it may be configured such that a single first image
sensor unit is disposed in place of every Nth pixel unit
(where N=2) along a first direction, and in addition, a single
first image sensor unit is disposed in place of every Mth
pixel units (where M=2, for example) along a second
direction. Alternatively, it may be configured such that lines
of first image sensor units are disposed in a lattice in a first
direction and a second direction. In other words, it may be
configured such that first image sensor units are disposed
along the entirety of a row extending in a first direction, with
one row of first image sensor units being disposed with
respect to (M-1) pixel units (where M=2, for example)
along a second direction, while in addition, first image
sensor units are disposed along the entirety of a column
extending in the second direction, with one column of first
image sensor units being disposed with respect to (N-1)
pixel units (where N=2, for example) along the first direc-
tion. Alternatively, it may be configured such that first image
sensor units are disposed along the entirety of a row extend-
ing in a first direction, with one row of first image sensor
units being disposed with respect to (M-1) pixel units
(where M=2, for example) along a second direction.

In an imaging apparatus or image sensor array according
to the first through sixth modes of the present disclosure
including the various preferable embodiments and configu-
rations described above (hereinafter, these may be simply
and collectively referred to as “the present disclosure” in
some cases), the first direction may correspond to the
horizontal direction of the image while the second direction
corresponds to the vertical direction of the image in some
cases, but the first direction may also correspond to the
vertical direction of the image while the second direction
corresponds to the horizontal direction of the image in other
cases, depending on the arrangement of the imaging appa-
ratus, or in other words, depending on whether the imaging
apparatus is arranged horizontally or vertically. The question
of whether the imaging apparatus is arranged horizontally or
vertically may be detected by providing the imaging appa-
ratus with an orientation detecting apparatus such as an
acceleration sensor or a gyro sensor, for example, with the
first direction and the second direction being determined
appropriately on the basis of the detection results.

In the present disclosure, an image sensor constituting a
second image sensor unit is realized by a photoelectric
transducer as well as a color filter and a second microlens
(on-chip lens) stacked on top of or above the photoelectric
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transducer. Alternatively, the image sensor may be realized
by a photoelectric transducer as well as a second microlens
(on-chip lens) and a color filter stacked on top of or above
the photoelectric transducer. Regarding all points other than
the light shielding layer, the configuration and structure of
the image sensors constituting a (first) image sensor unit (the
first image sensor, second image sensor, third image sensor,
and fourth image sensor) may take the same configuration
and structure as the image sensor constituting a second
image sensor unit, and may furthermore take the configu-
ration and structure of an image sensor constituting a second
image sensor unit with the color filter removed, with the
exception of the (first) microlens being formed instead of the
second microlens (on-chip lens). Note that in the case of
providing the first image sensor, second image sensor, third
image sensor, and fourth image sensor with color filters, a
color filter that transmits red light, a color filter that trans-
mits green light, and a color filter that transmits blue light
may be provided, or alternatively, a color filter that transmits
light of a single color such as a color filter that transmits
green light, for example, may be provided. Alternatively, a
transparent layer may be formed or a neutral density filter
may be provided instead of providing the first image sensor,
second image sensor, third image sensor, and fourth image
sensor with color filters.

A 1-pixel unit including multiple second image sensor
units may be arranged in a Bayer array, for example. When
using a Bayer array, each 1-pixel unit includes one red image
sensor sensitive to red light, one blue image sensor sensitive
to blue light, and two green image sensors sensitive to green
light. However, the array of 1-pixel units made up of
multiple second image sensor units is not limited to a Bayer
array. Other potential arrays include interline arrays, G stripe
RB mosaic arrays, G stripe RB full mosaic arrays, comple-
mentary mosaic arrays, stripe arrays, diagonal stripe arrays,
primary chroma arrays, field sequential chroma arrays,
frame sequential chroma arrays, MOS arrays, improved
MOS arrays, frame-interleaved arrays, and field-interleaved
arrays.

The imaging lens may be a fixed focal length lens, but
may also be a zoom lens. The configuration and structure of
the lens or lens system may be determined on the basis of the
specifications demanded of the imaging lens. Potential
image sensors include CCD sensors, CMOS sensors, and
charge modulation device (CMD) signal amplifying image
sensors. In addition, the imaging apparatus may be a front-
illuminated solid-state imaging apparatus or a back-illumi-
nated solid-state imaging apparatus. Furthermore, the imag-
ing apparatus may constitute part of a digital still camera or
video camera, camcorder, or a mobile phone with a built-in
camera, commonly referred to as a camera phone.

EXAMPLE 1

Example 1 relates to an imaging apparatus and image
sensor array according to the first mode of the present
disclosure. FIG. 1(A) illustrates a schematic partial cross-
section of an imaging apparatus and image sensor array
according to Example 1, while FIG. 1(B) schematically
illustrates how image sensors and microlenses are disposed
therein. FIG. 1(A) is a schematic partial cross-section view
taken along the line A in FIG. 1(B). Also, FIG. 2(A)
illustrates simulated results of the relationship between the
sensitivity of image sensors constituting a first image sensor
unit and the angle of incidence for incident light in an
imaging apparatus and image sensor array according to
Example 1. FIGS. 3, 4(A), and 4(B) conceptually illustrate
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light reaching an image sensor array in an imaging apparatus
according to Example 1, while FIGS. 4(C) and 4(D) sche-
matically illustrate images imaging formed on an image
sensor array by the light illustrated in FIGS. 4(A) and 4(B).
Also, FIG. 5(A) schematically illustrates a subject imaged
by an imaging apparatus according to Example 1, while
FIGS. 5(B) to 5(E) conceptually illustrate image data for a
subject imaged by an imaging apparatus according to
Example 1.

Additionally, FIG. 6 schematically illustrates how first
image sensor units and second image sensor units are
disposed in an image sensor array, while FIG. 7 is a
schematic illustration highlighting how the first image sen-
sor units are disposed in the image sensor array illustrated in
FIG. 6, and FIG. 8 is a schematic illustration highlighting
how the second image sensor units are disposed in the image
sensor array illustrated in FIG. 6. FIG. 9 is a conceptual
illustration of an imaging apparatus. Note that as a general
rule in the following description, the first direction corre-
sponds to the horizontal direction of the image and the
second direction corresponds to the vertical direction of the
image. For the sake of convenience, the first direction is
taken to be the X direction and the second direction the Y
direction, while the travel direction of light is taken to be the
Z direction.

An imaging apparatus 10 according to Example 1 or
Examples 2 to 3 later discussed includes

(A) an imaging lens 20, and

(B) an image sensor array 30 in which multiple first image
sensor units 40 and multiple second image sensor units 50
are arrayed,

wherein a single first image sensor unit 40 includes a
single first microlens 45 and multiple image sensors, and

a single second image sensor unit 50 includes a single
second microlens 55 and a single image sensor 51. Also,

light passing through the imaging lens 20 and reaching
each first image sensor unit 40 passes through the first
microlens 45 and forms an image on the multiple image
sensors constituting the first image sensor unit 40, and

light passing through the imaging lens 20 and reaching
each second image sensor unit 50 passes through the second
microlens 55 and forms an image on the image sensor 51
constituting the second image sensor unit 50. Furthermore,
inter-unit light shielding layers 46 and 56 are formed
between image sensor units (specifically, at least between
the first image sensor units 40 and the second image sensor
units 50 and between the second image sensor unit 50
themselves, and more specifically, between the first image
sensor units 40 and the second image sensor units 50 and
between the second image sensor units 50 themselves in this
Example).

Note that in FIG. 1(B), image sensor boundaries are
indicated by solid lines, and the inter-unit light shielding
layers 46 and 56 are shaded. However, the inter-unit light
shielding layer 56 is shaded in one location only. Also, the
photoelectric transducer 61 later discussed is illustrated as a
square shape, while the first microlens 45 and the second
microlens 55 are illustrated as circular shapes, and the
1-pixel unit 50A is illustrated as a double-lined square.
FIGS. 16(B), 17(B), 18(B), 19(B), and 20(B) are illustrated
similarly.

Also, an image sensor array according to Example 1 or
Examples 2 to 3 later discussed is

an image sensor array 30 in which multiple first image
sensor units 40 and multiple second image sensor units 50
are arrayed,
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wherein a single first image sensor unit 40 includes a
single first microlens 45 and multiple image sensors,

a single second image sensor unit 50 includes a single
second microlens 55 and a single image sensor 51, and

inter-unit light shielding layers 46 and 56 are formed
between image sensor units (specifically, at least between
the first image sensor units 40 and the second image sensor
units 50 and between the second image sensor unit 50
themselves, and more specifically, between the first image
sensor units 40 and the second image sensor units 50 and
between the second image sensor units 50 themselves in this
Example).

In addition, in the imaging apparatus 10 or the image
sensor array 30 according to Example 1, a light shielding
layer is not formed between the image sensors themselves
which constitute the first image sensor unit 40.

In the imaging apparatus 10 according to Example 1 or
Examples 2 to 6 later discussed, the imaging lens 20 causes
light to form an image on the image sensor array 30. The
image sensor array 30 is disposed inside a main camera unit
11. The imaging apparatus may constitute part of a digital
still camera or video camera, for example.

Besides the image sensor array 30, the main camera unit
11 is equipped with an image processor 12 and image
storage 13, for example. Additionally, right-eye image data
and left-eye image data is formed on the basis of electrical
signals converted by the image sensor array 30. The image
sensor array 30 may be realized with a charge-coupled
device (CCD) or complementary metal-oxide-semiconduc-
tor (CMOS) image sensor, for example. The image proces-
sor 12 converts electrical signals output from the image
sensor array 30 into right-eye image data and left-eye image
data, which is recorded to the image storage 13.

In Example 1 or Examples 2 to 3 later discussed, the first
image sensor unit 40 includes four image sensors, these
being a first image sensor 41, a second image sensor 42, a
third image sensor 43, and a fourth image sensor 44. Also,
the first image sensor 41 and the second image sensor 42 are
disposed along a first direction (X direction), the third image
sensor 43 is adjacent to the first image sensor 41 along a
second direction (Y direction) orthogonal to the first direc-
tion, and the fourth image sensor 44 is adjacent to the second
image sensor 42 along the second direction.

In Example 1 or Examples 2 to 6 later discussed, the first
image sensor 41, the second image sensor 42, the third
image sensor 43, and the fourth image sensor 44 are dis-
proportionately disposed towards the center of the first
image sensor unit 40 (or the image sensor unit 140). Stated
differently, the centers of the image sensors 41, 42, 43, and
44 are not aligned with the centers of the photoelectric
transducers 61 respectively constituting the image sensors
41, 42, 43, and 44, such that the distance from the centers of
the photoelectric transducers 61 respectively constituting the
image sensors 41, 42, 43, and 44 to the center of the first
image sensor unit 40 (or the image sensor unit 140) is shorter
than the distance from the centers of the image sensors 41,
42, 43, and 44 to the center of the first image sensor unit 40
(or the image sensor unit 140). In contrast, the center of the
image sensor 51 is aligned with the center of the second
image sensor unit 50.

Also, in Example 1 or Examples 2 to 3 later discussed, a
1-pixel unit 50A includes multiple second image sensor
units 50, such that the surface area (or planar shape) occu-
pied by a single first image sensor unit 40 is equivalent to (or
in a similar shape as) the surface area (or planar shape)
occupied by a 1-pixel unit 50A. Additionally, the width of
the inter-unit light shielding layer 46 in the first image sensor
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unit 40 is greater than the width of the inter-unit light
shielding layer 56 in the second image sensor unit 50.
Although not limited thereto, the ratio of the widths of the
inter-unit light shielding layers 46 and 56 is herein taken to
be W,/W,=0.15, where W, is the width of the inter-unit light
shielding layer 46 in the first image sensor unit 40, and W,
is the width of the inter-unit light shielding layer 56 in the
second image sensor unit 50. Furthermore, as discussed
earlier, the first image sensor unit 40 includes four image
sensors, and four second image sensor units 50 constitute a
1-pixel unit 50A. Note that the value of the width W, in
Example 2 or Example 3 later discussed is the same value as
in Example 1.

Specifically, in this Example, the 1-pixel unit 50A includ-
ing multiple second image sensor units 50 is arranged in a
Bayer array. The 1-pixel unit 50A includes one red image
sensor 51R sensitive to red light (in some cases labeled “R”
in the drawings), two green image sensors 51G sensitive to
green light (in some cases labeled “G” in the drawings), and
one blue image sensor 51B (in some cases labeled “B” in the
drawings).

The red image sensor 51R constituting the second image
sensor unit 50 is realized by a photoelectric transducer 61,
as well as a first inter-layer insulating layer 62, a color filter
63R, a second inter-layer insulating layer 64, and a second
microlens (on-chip lens) 55 stacked on top of the photo-
electric transducer 61. The green image sensor 51G consti-
tuting the second image sensor unit 50 is realized by a
photoelectric transducer 61, as well as a first inter-layer
insulating layer 62, a color filter 63G a second inter-layer
insulating layer 64, and a second microlens (on-chip lens) 55
stacked on top of the photoelectric transducer 61. The blue
image sensor 51B constituting the second image sensor unit
50 is realized by a photoelectric transducer 61, as well as a
first inter-layer insulating layer 62, a color filter 63B (not
illustrated), a second inter-layer insulating layer 64, and a
second microlens (on-chip lens) 55 stacked on top of the
photoelectric transducer 61. An inter-unit light shielding
layer 56 is formed between the second image sensor units 50
themselves. The photoelectric transducers 61 may be pro-
vided on a silicon semiconductor substrate 60, for example.
Traces (not illustrated) are formed underneath the photo-
electric transducers 61.

Meanwhile, the image sensors constituting the first image
sensor unit 40 (the first image sensor 41, second image
sensor 42, third image sensor 43, and fourth image sensor
44) have a similar structure as an image sensor constituting
a second image sensor unit 50, with the exception of a first
microlens 45 being formed instead a second microlens
(on-chip lens) 55, and a color filter 63G' that transmits green
light being provided for the first image sensor 41, second
image sensor 42, third image sensor 43, and fourth image
sensor 44. Specifically, the image sensors 41, 42, 43, and 44
constituting the first image sensor unit 40 are realized by a
photoelectric transducer 61, as well as a first inter-layer
insulating layer 62, a color filter 63G', a second inter-layer
insulating layer 64, and a first microlens 45 stacked on top
of the photoelectric transducer 61. The first microlens 45
covers the four image sensors 41, 42, 43, and 44. The second
microlens 55 is not formed on the image sensors constituting
the first image sensor unit 40. The first microlens 45 and the
second microlens 55 are formed on the second inter-layer
insulating layer 64. The photoelectric transducers 61 in the
image sensors 41, 42, 43, and 44 constituting the first image
sensor unit 40 may be the same size or smaller than the
photoelectric transducer 61 in the image sensor 51 consti-
tuting the second image sensor unit 50.
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In the imaging apparatus 10 or image sensor array 30
according to Example 1, first image sensor units 40 may be
disposed on the grid points of a lattice in a first direction and
a second direction. In other words, a single first image sensor
unit 40 is disposed in place of every Nth 1-pixel unit S0A
along a first direction (where N=2" with n being a natural
number from 1 to 5, for example; in the example illustrated
in the drawings, n=2), and in addition, a single first image
sensor unit 40 is disposed in place of every Mth 1-pixel unit
50A along a second direction (where M=2" with m being a
natural number from 1 to 5, for example; in the example
illustrated in the drawings, m=2).

Meanwhile, the graph in FIG. 2(A) illustrates simulated
results of the relationship between the sensitivity of the
image sensors 41, 42, 43, and 44 constituting the first image
sensor unit 40 and the angle of incidence for incident light
in the imaging apparatus 10 or image sensor array 30
according to Example 1. In FIGS. 2(A) and 2(B), the
horizontal axis represents the angle of incidence 0 (in units
of degrees) for light incident on the microlenses, while the
vertical axis represents the sensitivity (in arbitrary units). In
FIGS. 2(A) and 2(B) herein, take a first virtual plane to be
the plane extending in the first direction that includes the
normal line of the first microlens 45 passing through the
center of the first microlens 45 (i.e., the plane parallel to the
plane of the page in FIG. 1(A) and perpendicular to the plane
of'the page in FIG. 1(B)). In this case, the angle of incidence
0 takes a negative value when collimated light parallel to the
first virtual plane from the spatial region above the first
image sensor 41 and the third image sensor 43 passes
through the first microlens 45 and reaches the second image
sensor 42 and the fourth image sensor 44.

Herein, the curve A in FIG. 2(A) illustrates the sensitivity
characteristics of the second image sensor 42 and the fourth
image sensor 44, the curve B illustrates the sensitivity
characteristics of the first image sensor 41 and the third
image sensor 43, and the curve C illustrates the sensitivity
characteristics of the green image sensor 51G FIG. 2(A)
demonstrates that in the case where the value of the angle of
incidence 0 is negative, the sensitivity of the second image
sensor 42 and the fourth image sensor 44 is high, while the
sensitivity of the first image sensor 41 and the third image
sensor 43 is low. Conversely, in the case where the value of
the angle of incidence 0 is positive, the sensitivity of the
second image sensor 42 and the fourth image sensor 44 is
low, while the sensitivity of the first image sensor 41 and the
third image sensor 43 is high. Consequently, first image data
is generated by rays with a positive angle of incidence, or in
other words by the first image sensor 41 and the third image
sensor 43, whereas second image data is generated by rays
with a negative angle of incidence, or in other words by the
second image sensor 42 and the fourth image sensor 44. In
this way, by disposing four image sensors 41, 42, 43, and 44
in the first image sensor unit 40 according to Example 1, a
depth map for obtaining two sets of image data (right-eye
image data and left-eye image data) can be created on the
basis of first image data and second image data from all first
image sensor units 40. Electrical signals from these image
sensors 41, 42, 43, and 44 are then output simultaneously or
in an alternating time series, and the output electrical signals
(i.e., the electrical signals output from the first image sensor
units 40 and the second image sensor units 50 in the image
sensor array 30) are processed by the image processor 12
and recorded to the image storage 13 as right-eye image data
and left-eye image data.

FIG. 3 is a schematic illustration of light reaching the
image sensor array 30 in the imaging apparatus 10 according
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to Example 1 from the perspective of the imaging apparatus
as a whole. The light indicated in broken lines corresponds
to light incident on the right eye, while the light indicated in
solid lines corresponds to light incident on the left eye. Such
light indicated in broken lines that corresponds to light
incident on the right eye is almost entirely received by the
first image sensor 41 and the third image sensor 43 in the
first image sensor units 40. Meanwhile, the light indicated in
solid lines that corresponds to light incident on the left eye
is almost entirely received by the second image sensor 42
and the fourth image sensor 44 in the first image sensor units
40. Thus, image data separated into first image data and
second image data used to generated right-eye image data
and left-eye image data can be obtained from all first image
sensor units 40, even though the image sensor array 30 has
a simple configuration and structure.

FIG. 2(A) demonstrates that the value of the center angle
of incidence 0, (in degrees) obtained by collimated light
parallel to the first virtual plane from the spatial region
above the first image sensor 41 and the third image sensor
43 passing through the first microlens 45 and reaching the
second image sensor 42 and the fourth image sensor 44 in all
first image sensor units 40 is

0,=3.5°

in the case where F=2.8. Also, the baseline for binocular
parallax between an image obtained from the first image
sensor 41 and the third image sensor 43 and an image
obtained from the second image sensor 42 and the fourth
image sensor 44 in all first image sensor units 40 is 4.2 mm
in the case where =35 mm and F=2.8.

Assume that the imaging lens 20 is focused on an object
A with a square shape, as schematically illustrated in FIGS.
4(A) and 4(B). Also assume that an object B with a round
shape is disposed closer to the imaging lens 20 than the
object A. An image of the square object A is formed in focus
on the image sensor array 30. Also, an image of the round
object B is formed out of focus on the image sensor array 30.
Additionally, in the example illustrated in FIG. 4(A), an
image of the object B is formed on the image sensor array
30 at a position displaced to the right of the object A by a
distance +AX. Meanwhile, in the example illustrated in FIG.
4(B), an image of the object B is formed on the image sensor
array 30 at a position displaced to the left of the object A by
a distance —AX. Consequently, the distance 2AX becomes
information regarding the depth of the object B. In other
words, the amount and direction of the bokeh of an object
positioned closer to the imaging apparatus 10 than the object
A differs from the amount and direction of the bokeh of an
object positioned farther away from the imaging apparatus
10, and the amount of bokeh of the object B differs depend-
ing on the distance between the object A and the object B.
Thus, a stereo image with the baseline for binocular parallax
discussed above can be obtained. In other words, image data
obtained from all first image sensor units 40 [i.e., first image
data (see the schematic diagram in FIG. 4(C)) and second
image data (see the schematic diagram in FIG. 4(D))] can be
combined with image data obtained from all second image
sensor units 50 in this way to obtain data for a stereo image
(right-eye image data and left-eye image data). In other
words, a depth map (depth information) may be created on
the basis of first image data obtained from the first image
sensor 41 and the third image sensor 43 and second image
data obtained from the second image sensor 42 and the
fourth image sensor 44 in all first image sensor units 40, for
example, and data for a stereo image (right-eye image data
and left-eye image data) may be obtained from this depth
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map (depth information) and image data obtained from all
second image sensor units 50. Note that such a method itself
may be an established method in the related art.

FIG. 5(A) schematically illustrates subjects imaged by an
imaging apparatus according to Example 1, while FIGS.
5(B) to 5(E) conceptually illustrate image data for subjects
imaged by an imaging apparatus according to Example 1.
The subjects imaged by the imaging apparatus according to
Example 1 are taken to be bars extending in the second
direction. As illustrated in FIG. 5(A), the subjects herein are
three bars labeled A, B, and C. Bar A is positioned closest
to the imaging apparatus, with bar B and C being succes-
sively positioned farther away from the imaging apparatus.
Also, assume that the bar B is in focus. Consequently, an
image A, of the bar A is in focus behind the image sensor
array 30, whereas an image C_. of the bar C is in focus in
front of the image sensor array 30. In such a state, the image
data conceptually illustrated in FIG. 5B can be obtained in
the second image sensor units 50 of the image sensor array
30. Also, FIG. 5(C) conceptually illustrates image data (first
image data) based on the first image sensor 41 and the third
image sensor 43 in the first image sensor units 40 of the
image sensor array 30, with the images of the subject bars
A, B, and C being labeled A -, By, and C,. Meanwhile, FIG.
5(D) conceptually illustrates image data (second image data)
based on the second image sensor 42 and the fourth image
sensor 44 in the first image sensor units 40 of the image
sensor array 30, with the images of the subject bars A, B, and
C being labeled A, B;, and C;. Note that in FIGS. 5(C) and
5(D), the images B, and C. are also displayed in broken
lines for reference. Furthermore, FIG. 5(E) conceptually
illustrates image data superimposing the first image data and
the second image data. Herein, the image B, and the image
B, of the bar B are separated by 24B. Moreover, in FIG.
5(E), the image Bj is positioned to the left while the image
B; is positioned to the right. Likewise, the image C, and the
image C; of the bar C are separated by 2AC. Moreover, in
FIG. 5E, the image C; is positioned to the left while the
image Cy is positioned to the right. In this way, by comput-
ing the positions and distances of images obtained from the
first image data and second image data, the relative posi-
tional relationships among in-focus subjects can be ascer-
tained.

As above, in an imaging apparatus or image sensor array
according to Example 1, a single first image sensor unit
includes a single first microlens and multiple image sensors,
and image data for a stereo image can be obtained from all
such first image sensor units. For this reason, the imaging
apparatus does not become bulky, extremely precise posi-
tioning of the first microlens is not demanded, and the
problem of a large drop in resolution does not occur.
Furthermore, an image sensor array can be manufactured
without adding additional stages to the manufacturing pro-
cess and without introducing special manufacturing pro-
cesses. Moreover, a compact monocular imaging apparatus
having a simple configuration and structure can be provided.
Additionally, since the configuration does not involve two
pairs of a lens combined with a polarizing filter, imbalances
and discrepancies in factors such as zoom, aperture, focus,
and angle of convergence do not occur. Also, since the
baseline for binocular parallax is comparatively short, natu-
ral stereo images can be obtained, while 2D images and 3D
images can be easily obtained depending on how image data
is processed.

However, instead of disposing the first image sensor units
40 on the grid points of a lattice in a first direction and a
second direction, lines of first image sensor units 40 may be
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disposed in a lattice in the first direction and the second
direction, as illustrated in FIGS. 10 to 12. FIG. 10 sche-
matically illustrates how first image sensor units and second
image sensor units may be disposed in an image sensor
array. FIG. 11 is a schematic illustration highlighting how
the first image sensor units may be disposed in the image
sensor array, while FIG. 12 is a schematic illustration
highlighting how the second image sensor units may be
disposed in the image sensor array. In other words, the first
image sensor units 40 may be disposed along the entirety of
a row extending in the first direction, with one row of first
image sensor units 40 being disposed with respect to (M-1)
1-pixel units 50A along the second direction (Where M=2"
with m being a natural number from 1 to 5, for example; in
the example illustrated in the drawings, m=2), while in
addition, the first image sensor units 40 may be disposed
along the entirety of a column extending in the second
direction, with one column of first image sensor units 40
being disposed with respect to (N-1) 1-pixel units 50A
along the first direction (where N=2" with n being a natural
number from 1 to 5, for example; in the example illustrated
in the drawings, n=2). Alternatively, the first image sensor
units 40 may be disposed as illustrated in FIGS. 13 to 15.
FIG. 13 schematically illustrates how first image sensor
units and second image sensor units may be disposed in an
image sensor array. FIG. 14 is a schematic illustration
highlighting how the first image sensor units may be dis-
posed in the image sensor array illustrated, while FIG. 15 is
a schematic illustration highlighting how the second image
sensor units may be disposed in the image sensor array. In
other words, the first image sensor units 40 may be disposed
along the entirety of a row extending in the first direction,
with one row of first image sensor units 40 being disposed
with respect to (M-1) 1-pixel units S0A along the second
direction (where M=2" with m being a natural number from
1 to 5, for example; in the example illustrated in the
drawings, m=2). Note that such a configuration is preferably
applied to an imaging apparatus that is only rarely ever
arranged vertically, such as a camcorder, for example.
Examples 2 to 3 later discussed may be similarly configured.
However, in such cases, the inter-unit light shielding layers
46 and 56 are also formed between the first image sensor
units 40 themselves, rather than only between the first image
sensor units 40 and the second image sensor units 50 and
between the second image sensor unit 50 themselves.

Also, by providing the imaging apparatus with an orien-
tation detecting apparatus such as an acceleration sensor or
a gyro sensor, it can be detected whether the imaging
apparatus is arranged horizontally or arranged vertically, and
on the basis of the detection results, it can be determined
whether to associate the first direction with the horizontal
direction of the image or with the vertical direction of the
image. Then, in the case where the first direction corre-
sponds to the horizontal direction of the image, first image
data may be generated from the first image sensor 41 and the
third image sensor 43 while second image data is generated
from the second image sensor 42 and the fourth image
sensor 44, as discussed above. Meanwhile, in the case where
the first direction corresponds to the vertical direction of the
image, first image data may be generated from the first
image sensor 41 and the second image sensor 42 while
second image data is generated from the third image sensor
43 and the fourth image sensor 44, or alternatively, second
image data may be generated from the first image sensor 41
and the second image sensor 42 while first image data is
generated from the third image sensor 43 and the fourth
image sensor 44.
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EXAMPLE 2

Example 2 relates to an imaging apparatus and image
sensor array according to the second mode of the present
disclosure. FIG. 16(A) illustrates a schematic partial cross-
section of an imaging apparatus or image sensor array
according to Example 2, while FIG. 16(B) schematically
illustrates how image sensors and microlenses are disposed
therein. FIG. 16(A) is a schematic partial cross-section view
taken along the line A in FIG. 16(B). In the imaging
apparatus or image sensor array according to Example 2, an
inter-device light shielding layer 47 is formed only partially
between the image sensor themselves which constitute the
first image sensor unit 40. Note that in FIG. 16(B), image
sensor boundaries are indicated by solid lines, while the
inter-unit light shielding layers 46 and 56 as well as the
inter-device light shielding layer 47 are shaded. The inter-
device light shielding layer 47 is positioned in the boundary
area of the four image sensors (the first image sensor 41,
second image sensor 42, third image sensor 43, and fourth
image sensor 44). In other words, the inter-device light
shielding layer 47 is positioned in the central area of the first
image sensor unit 40, and the planar shape of the inter-
device light shielding layer 47 is square. Although not
limited thereto, the length of an edge of the square herein is
specifically 0.2 times the length of an edge of an image
sensor constituting the first image sensor unit 40.

The graph in FIG. 2(B) illustrates simulated results of the
relationship between the sensitivity of image sensors con-
stituting a first image sensor unit and the angle of incidence
for incident light in an imaging apparatus or image sensor
array according to Example 2. The curve D in FIG. 2(B)
illustrates the sensitivity characteristics of the second image
sensor 42 and the fourth image sensor 44, while the curve E
illustrates the sensitivity characteristics of the first image
sensor 41 and the third image sensor 43. Note that the curves
A and B illustrated in FIG. 2(A) are also illustrated in FIG.
2(B). Similarly to Example 1, FIG. 2(B) demonstrates that
in the case where the value of the angle of incidence 0 is
negative, the sensitivity of the second image sensor 42 and
the fourth image sensor 44 is high, while the sensitivity of
the first image sensor 41 and the third image sensor 43 is
low. Conversely, in the case where the value of the angle of
incidence 6 is positive, the sensitivity of the second image
sensor 42 and the fourth image sensor 44 is low, while the
sensitivity of the first image sensor 41 and the third image
sensor 43 is high. Consequently, first image data is generated
by rays with a positive angle of incidence, or in other words
by the first image sensor 41 and the third image sensor 43,
whereas second image data is generated by rays with a
negative angle of incidence, or in other words by the second
image sensor 42 and the fourth image sensor 44. In this way,
by likewise disposing four image sensors 41, 42, 43, and 44
in the first image sensor unit 40 in Example 2, a depth map
for obtaining two sets of image data (right-eye image data
and left-eye image data) can be created on the basis of first
image data and second image data from all first image sensor
units 40. Electrical signals from these image sensors 41, 42,
43, and 44 are then output simultaneously or in an alternat-
ing time series, and the output electrical signals (i.e., the
electrical signals output from the first image sensor units 40
and the second image sensor units 50 in the image sensor
array 30) are processed by the image processor 12 and
recorded to the image storage 13 as right-eye image data and
left-eye image data.

FIG. 2(B) demonstrates that the value of the center angle
of incidence 0, (in degrees) obtained by collimated light
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parallel to the first virtual plane from the spatial region
above the first image sensor 41 and the third image sensor
43 passing through the first microlens 45 and reaching the
second image sensor 42 and the fourth image sensor 44 in all
first image sensor units 40 is

0,=5.3°
in the case where F=2.8, an improvement over
0,-3.5°

in Example 1. Also, the baseline for binocular parallax
between an image obtained from the first image sensor 41
and the third image sensor 43 and an image obtained from
the second image sensor 42 and the fourth image sensor 44
in all first image sensor units 40 is 6.4 mm in the case where
=35 mm and F=2.8, longer than the baseline in Example 1.
In this way, by providing an inter-device light shielding
layer 47, the value of the center angle of incidence 8, is
improved and the baseline for binocular parallax is length-
ened over Example 1. This is due to the center angle of
incidence being shifted outward relatively as a result of
incident light from the pupil center being cut by the light
shielding layer.

Except for the above point, the configuration and structure
of the imaging apparatus or image sensor array according to
Example 2 may be taken to be similar to the configuration
and structure of the imaging apparatus or image sensor array
described in Example 1, and for this reason detailed descrip-
tion thereof will be omitted.

EXAMPLE 3

Example 3 relates to an imaging apparatus and image
sensor array according to the third mode of the present
disclosure. FIG. 17(A) illustrates a schematic partial cross-
section of an imaging apparatus or image sensor array
according to Example 3, while FIG. 17(B) schematically
illustrates how image sensors and microlenses are disposed
therein. FIG. 17(A) is a schematic partial cross-section view
taken along the line A in FIG. 17(B). In the imaging
apparatus or image sensor array according to Example 3, an
inter-device light shielding layer 48 is formed between the
image sensors themselves which constitute the first image
sensor unit 40. In other words, the image sensor 41, the
image sensor 42, the image sensor 43, and the image sensor
44 are partitioned from each other by the inter-device light
shielding layer 48, and the inter-device light shielding layer
48 is contiguous. Note that in FIG. 17(B), image sensor
boundaries are indicated by solid lines, while the inter-unit
light shielding layers 46 and 56 as well as the inter-device
light shielding layer 48 are shaded. Specifically, the width of
the inter-device light shielding layer 48 is preferably from
0.05 to 0.02 times the length of an edge of an image sensor
constituting the first image sensor unit 40, although not
limited thereto, and is specifically 0.1 in Example 3.
Example 6 later discussed is similar. Similarly to Example
1, in the case where the value of the angle of incidence 6 is
negative in Example 3, the sensitivity of the second image
sensor 42 and the fourth image sensor 44 is high, while the
sensitivity of the first image sensor 41 and the third image
sensor 43 is low. Conversely, in the case where the value of
the angle of incidence 0 is positive, the sensitivity of the
second image sensor 42 and the fourth image sensor 44 is
low, while the sensitivity of the first image sensor 41 and the
third image sensor 43 is high.

Except for the above point, the configuration and structure
of the imaging apparatus or image sensor array according to
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Example 3 may be taken to be similar to the configuration
and structure of the imaging apparatus or image sensor array
described in Example 1, and for this reason detailed descrip-
tion thereof will be omitted. Likewise in Example 3, the
imaging apparatus does not become bulky, extremely pre-
cise positioning of the first microlens is not demanded, and
the problem of a large drop in resolution does not occur.
Furthermore, an image sensor array can be manufactured
without adding additional stages to the manufacturing pro-
cess and without introducing special manufacturing pro-
cesses.

EXAMPLE 4

Example 4 relates to an imaging apparatus and image
sensor array according to the fourth mode of the present
disclosure. FIG. 18(A) illustrates a schematic partial cross-
section of an imaging apparatus and image sensor array
according to Example 4, while FIG. 18(B) schematically
illustrates how image sensors and microlenses are disposed
therein. FIG. 18(A) is a schematic partial cross-section view
taken along the line A in FIG. 18(B).

An imaging apparatus 10 according to Example 4 or
Examples 5 to 6 later discussed includes

(A) an imaging lens 20, and

(B) an image sensor array 130 in which multiple image
sensor units 140 are arrayed,

wherein a single image sensor unit 140 includes a single
microlens 145 and multiple image sensors. Also, light pass-
ing through the imaging lens 20 and reaching each image
sensor unit 140 passes through the microlens 145 and forms
an image on the multiple image sensors constituting the
image sensor unit 140, while in addition, an inter-unit light
shielding layer 146 is formed between the image sensor
units 140 themselves.

Note that in FIG. 18(B) or FIG. 21(B) later discussed, the
boundaries between the image sensors themselves are indi-
cated by solid double lines with a white fill, the boundaries
of each image sensor are indicated by solid lines, and the
inter-unit light shielding layer 146 is shaded. The photo-
electric transducers 61 are indicated by square shapes, while
the microlenses 145 are indicated by circular shapes. FIGS.
19(B), 20(B), 21(B), 22(B), and 23(B) are illustrated simi-
larly.

Also, an image sensor array according to Example 4 or
Examples 5 to 6 later discussed is

an image sensor array 130 in which multiple image sensor
units 140 are arrayed,

wherein a single image sensor unit 140 includes a single
microlens 145 and multiple image sensors, and

an inter-unit light shielding layer 146 is formed between
the image sensor units 140 themselves.

In addition, in the imaging apparatus 10 or the image
sensor array 130 according to Example 4, a light shielding
layer is not formed between the image sensors themselves
which constitute the image sensor unit 140. Note that the
value of the width W, of the inter-unit light shielding layer
146 in the image sensor unit 140 is the same value as in
Example 1. The value of the width W, in Examples 5 to 7
later discussed is also the same value as in Example 1.

In Example 4 or Examples 5 to 6 later discussed, the
image sensor unit 140 includes four image sensors, these
being a first image sensor 41, a second image sensor 42, a
third image sensor 43, and a fourth image sensor 44. Also,
the first image sensor 41 and the second image sensor 42 are
disposed along a first direction (X direction), the third image
sensor 43 is adjacent to the first image sensor 41 along a
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second direction (Y direction) orthogonal to the first direc-
tion, and the fourth image sensor 44 is adjacent to the second
image sensor 42 along the second direction.

The configuration and structure of the image sensors
constituting the image sensor unit 140 (the first image sensor
41, second image sensor 42, third image sensor 43, and
fourth image sensor 44) may be taken to be similar to that
of the image sensors described in Example 1. Specifically,
the image sensors 41, 42, 43, and 44 constituting the image
sensor unit 140 are realized by a photoelectric transducer 61,
as well as a first inter-layer insulating layer 62, a color filter
63G", a second inter-layer insulating layer 64, and a micro-
lens 145 stacked on top of the photoelectric transducer 61.
The microlens 145 covers the four image sensors 41, 42, 43,
and 44.

In the imaging apparatus 10 or image sensor array 130
according to Example 4, image sensor units 140 may be
disposed in a first direction and a second direction.

In Example 4, and similarly to that described in Example
1, first image data is generated by rays with a positive angle
of incidence, or in other words by the first image sensor 41
and the third image sensor 43, whereas second image data is
generated by rays with a negative angle of incidence, or in
other words by the second image sensor 42 and the fourth
image sensor 44. In this way, by likewise disposing four
image sensors 41, 42, 43, and 44 in the image sensor unit
140 in Example 4, data for a stereo image can be created on
the basis of first image data and second image data from all
image sensor units 140. Electrical signals from these image
sensors 41, 42, 43, and 44 are then output simultaneously or
in an alternating time series, and the output electrical signals
(i.e., the electrical signals output from the image sensor units
140 in the image sensor array 130) are processed by the
image processor 12 and recorded to the image storage 13 as
right-eye image data and left-eye image data. In other words,
data for a stereo image (right-eye image data and left-eye
image data) may be obtained on the basis of first image data
obtained from the first image sensor 41 and the third image
sensor 43 and second image data obtained from the second
image sensor 42 and the fourth image sensor 44 in all image
sensor units 140. Note that such a method itself may be an
established method in the related art.

Similarly to Example 1, by providing the imaging appa-
ratus with an orientation detecting apparatus such as an
acceleration sensor or a gyro sensor, it can be detected
whether the imaging apparatus is arranged horizontally or
arranged vertically, and on the basis of the detection results,
it can be determined whether to associate the first direction
with the horizontal direction of the image or with the vertical
direction of the image. Then, in the case where the first
direction corresponds to the horizontal direction of the
image, first image data may be generated from the first
image sensor 41 and the third image sensor 43 while second
image data is generated from the second image sensor 42
and the fourth image sensor 44, as discussed above. Mean-
while, in the case where the first direction corresponds to the
vertical direction of the image, first image data may be
generated from the first image sensor 41 and the second
image sensor 42 while second image data is generated from
the third image sensor 43 and the fourth image sensor 44, or
alternatively, second image data may be generated from the
first image sensor 41 and the second image sensor 42 while
first image data is generated from the third image sensor 43
and the fourth image sensor 44.

As above, in an imaging apparatus or image sensor array
according to Example 4, a single image sensor unit includes
a single microlens and multiple image sensors, and image
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data for a stereo image can be obtained from all such image
sensor units. For this reason, the imaging apparatus does not
become bulky, extremely precise positioning of the micro-
lens is not demanded, and the problem of a large drop in
resolution does not occur. Furthermore, an image sensor
array can be manufactured without adding additional stages
to the manufacturing process and without introducing spe-
cial manufacturing processes. Moreover, a compact mon-
ocular imaging apparatus having a simple configuration and
structure can be provided. Additionally, since the configu-
ration does not involve two pairs of a lens combined with a
polarizing filter, imbalances and discrepancies in factors
such as zoom, aperture, focus, and angle of convergence do
not occur. Also, since the baseline for binocular parallax is
comparatively short, natural stereo images can be obtained,
while 2D images and 3D images can be easily obtained
depending on how image data is processed.

EXAMPLE 5

Example 5 relates to an imaging apparatus and image
sensor array according to the fifth mode of the present
disclosure. FIG. 19(A) illustrates a schematic partial cross-
section of an imaging apparatus or image sensor array
according to Example 5, while FIG. 19(B) schematically
illustrates how image sensors and microlenses are disposed
therein. FIG. 19(A) is a schematic partial cross-section view
taken along the line A in FIG. 19(B). In the imaging
apparatus or image sensor array according to Example 5, an
inter-device shielding layer 147 is formed only partially
between the image sensors themselves which constitute the
image sensor unit 140. Note that in FIG. 19(B) or FIG. 22(B)
discussed later, image sensor boundaries are indicated by
solid lines, while the inter-unit light shielding layer 146 and
the inter-device light shielding layer 147 are shaded. The
inter-device light shielding layer 147 is positioned in the
boundary area of the four image sensors (the first image
sensor 41, second image sensor 42, third image sensor 43,
and fourth image sensor 44). In other words, the inter-device
light shielding layer 147 is positioned in the central area of
the image sensor unit 140, and the planar shape of the
inter-device light shielding layer 147 is square. Herein, the
length of an edge of the square is taken to be similar to that
of Example 2.

By likewise disposing four image sensors 41, 42, 43, and
44 in the image sensor unit 140 in Example 5, data for a
stereo image can be created on the basis of first image data
and second image data from all image sensor units 140.
Electrical signals from these image sensors 41, 42, 43, and
44 are then output simultaneously or in an alternating time
series, and the output electrical signals (i.e., the electrical
signals output from the image sensor units 140 in the image
sensor array 130) are processed by the image processor 12
and recorded to the image storage 13 as right-eye image data
and left-eye image data.

Except for the above point, the configuration and structure
of the imaging apparatus or image sensor array according to
Example 5 may be taken to be similar to the configuration
and structure of the imaging apparatus or image sensor array
described in Example 4, and for this reason detailed descrip-
tion thereof will be omitted.

EXAMPLE 6

Example 6 relates to an imaging apparatus and image
sensor array according to the sixth mode of the present
disclosure. FIG. 20(A) illustrates a schematic partial cross-
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section of an imaging apparatus or image sensor array
according to Example 6, while FIG. 20(B) schematically
illustrates how image sensors and microlenses are disposed
therein. FIG. 20(A) is a schematic partial cross-section view
taken along the line A in FIG. 20(B). In the imaging
apparatus or image sensor array according to Example 6, an
inter-device light shielding layer 148 is formed between the
image sensors themselves which constitute the image sensor
unit 140. In other words, the image sensor 41, the image
sensor 42, the image sensor 43, and the image sensor 44 are
partitioned from each other by the inter-device light shield-
ing layer 148, and the inter-device light shielding layer 148
is contiguous. Note that in FIG. 20(B) or FIG. 23(B)
discussed later, image sensor boundaries are indicated by
solid lines, while the inter-unit light shielding layer 146 and
the inter-device light shielding layer 148 are shaded. The
width of the inter-device light shielding layer 148 is spe-
cifically taken to be similar to that of Example 3. Similarly
to Example 4, in the case where the value of the angle of
incidence 0 is negative in Example 6, the sensitivity of the
second image sensor 42 and the fourth image sensor 44 is
high, while the sensitivity of the first image sensor 41 and
the third image sensor 43 is low. Conversely, in the case
where the value of the angle of incidence 6 is positive, the
sensitivity of the second image sensor 42 and the fourth
image sensor 44 is low, while the sensitivity of the first
image sensor 41 and the third image sensor 43 is high.

Except for the above point, the configuration and structure
of the imaging apparatus or image sensor array according to
Example 6 may be taken to be similar to the configuration
and structure of the imaging apparatus or image sensor array
described in Example 4, and for this reason detailed descrip-
tion thereof will be omitted. Likewise in Example 6, the
imaging apparatus does not become bulky, extremely pre-
cise positioning of the first microlens is not demanded, and
the problem of a large drop in resolution does not occur.
Furthermore, an image sensor array can be manufactured
without adding additional stages to the manufacturing pro-
cess and without introducing special manufacturing pro-
cesses.

EXAMPLE 7

Example 7 is a modification of Examples 4 to 6. In
Examples 4 to 6, the image sensor unit 140 includes four
image sensors, these being a first image sensor 41, a second
image sensor 42, a third image sensor 43, and a fourth image
sensor 44. In other words, the image sensors 41, 42, 43, and
44 are configured as image sensors sensitive to one color of
light (specifically, green light). Meanwhile, in Example 7, an
image sensor unit 240 includes four image sensors, these
being a first image sensor 41R, a second image sensor 42G,
a third image sensor 43G, and a fourth image sensor 44B.

FIG. 21(A) illustrates a schematic partial cross-section of
a modification of an imaging apparatus and image sensor
array according to Example 4, while FIG. 21(B) schemati-
cally illustrates how image sensors and microlenses are
disposed therein. Also, FIG. 22(A) illustrates a schematic
partial cross-section of a modification of an imaging appa-
ratus and image sensor array according to Example 5, while
FIG. 22(B) schematically illustrates how image sensors and
microlenses are disposed therein. Furthermore, FIG. 23(A)
illustrates a schematic partial cross-section of a modification
of'an imaging apparatus and image sensor array according to
Example 6, while FIG. 23(B) schematically illustrates how
image sensors and microlenses are disposed therein. Note
that FIGS. 21(A), 22(A), and 23(A) are schematic partial
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cross-section views taken along the line A in FIGS. 21(B),
22(B), and 23(B), respectively.

The configuration and structure of the first image sensor
41R are the same as that of the red image sensor 51R
constituting a second image sensor unit 50 described in
Example 1, while the configuration and structure of the
second image sensor 42G and the third image sensor 43G are
the same as those of the green image sensor 51G constituting
a second image sensor unit 50 described in Example 1, and
the configuration and structure of the fourth image sensor
44B are the same as those of the blue image sensor 51B
constituting a second image sensor unit 50 described in
Example 1. Specifically, the image sensors 41R, 42G, 43G,
and 44B constituting the image sensor unit 240 are realized
by a photoelectric transducer 61, as well as a first inter-layer
insulating layer 62, a color filter 63R, 63G, or 63B, a second
inter-layer insulating layer 64, and a microlens 145 stacked
on top of the photoelectric transducer 61. However, unlike
the image sensors 51R, 51G, and 51B in Example 1, a single
microlens 145 covers the four image sensors 41R, 42G, 43G,
and 44B. Also, similarly to Examples 4 to 6, the first image
sensor 41R and the second image sensor 42G are disposed
along a first direction (X direction), the third image sensor
43G is adjacent to the first image sensor 41R along a second
direction (Y direction) orthogonal to the first direction, and
the fourth image sensor 44B is adjacent to the second image
sensor 42G along the second direction.

An imaging apparatus 10 according to Example 7
includes

(A) an imaging lens 20, and

(B) an image sensor array 230 in which multiple image
sensor units 240 are arrayed,

wherein a single image sensor unit 240 includes a single
microlens 145 and multiple image sensors. Also,

light passing through the imaging lens 20 and reaching
each image sensor unit 240 passes through the microlens
145 and forms an image on the multiple image sensors
constituting the image sensor unit 240.

Also, an image sensor array according to Example 7 is an
image sensor array 230 in which multiple image sensor units
240 are arrayed, wherein a single image sensor unit 240
includes a single microlens 145 and multiple image sensors
41R, 42G, 43G, and 44B.

In addition, in the imaging apparatus 10 or image sensor
array 230 according to Example 7, image sensor units 240
may be disposed in a first direction and a second direction.

Similarly to Example 4, an inter-unit light shielding layer
146 is formed between the image sensor units 240 them-
selves (see FIGS. 21(A) and 21(B)).

Alternatively, similarly to Example 5, an inter-device
light shielding layer 147 is formed only partially between
the image sensors themselves which constitute the image
sensor unit 240 (see FIGS. 22(A) and 22(B)). Alternatively,
similarly to Example 6, an inter-device light shielding layer
148 is formed between the image sensors themselves which
constitute the image sensor unit 240 (see FIGS. 23(A) and
23(B)).

In Example 7, and similarly to that described in Example
1, first image data is generated by rays with a positive angle
of'incidence, or in other words by the first image sensor 41R
and the third image sensor 43G; whereas second image data
is generated by rays with a negative angle of incidence, or
in other words by the second image sensor 42G and the
fourth image sensor 44B. Specifically, red-related first image
data is obtained by the first image sensor 41R, green-related
first image data is obtained by the third image sensor 43G,
green-related second image data is obtained by the second
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image sensor 42G, and blue-related second image data is
obtained by the fourth image sensor 41B. Furthermore,
blue-related first image data is obtained from image data
obtained by the third image sensor 43G, the second image
sensor 42G; and the fourth image sensor 44B. Also, red-
related second image data is obtained from image data
obtained by the third image sensor 43G, the second image
sensor 42@G, and the first image sensor 41R.

In this way, by likewise disposing four image sensors
41R, 42G, 43G, and 44B in the image sensor unit 240 in
Example 7, data for a stereo image can be created on the
basis of first image data and second image data from all
image sensor units 240. Electrical signals from these image
sensors 41R, 42G, 43G, and 44B are then output simulta-
neously or in an alternating time series, and the output
electrical signals (i.e., the electrical signals output from the
image sensor units 240 in the image sensor array 230) are
processed by the image processor 12 and recorded to the
image storage 13 as right-eye image data and left-eye image
data. In other words, data for a stereo image (right-eye image
data and left-eye image data) may be obtained on the basis
of red- and green-related first image data obtained from the
first image sensor 41R and the third image sensor 43G, and
blue-related first image data obtained by processing image
data obtained from the fourth image sensor 44B, as well as
green- and blue-related second image data obtained from the
second image sensor 42G and the fourth image sensor 44B,
and red-related second image data obtained by processing
image data obtained from the first image sensor 41R in all
image sensor units 240. Such a method itself may be an
established method in the related art. Note that in Example
7, the baseline for binocular parallax may be obtained on the
basis of an image obtained from the third image sensor 43G
and an image obtained from the second image sensor 42G.

As above, in an imaging apparatus or image sensor array
according to Example 7, a single image sensor unit includes
a single microlens and multiple image sensors, and image
data for a stereo image can be obtained from all such image
sensor units. For this reason, the imaging apparatus does not
become bulky, extremely precise positioning of the micro-
lens is not demanded, and the problem of a large drop in
resolution does not occur. Furthermore, an image sensor
array can be manufactured without adding additional stages
to the manufacturing process and without introducing spe-
cial manufacturing processes. Moreover, a compact mon-
ocular imaging apparatus having a simple configuration and
structure can be provided. Additionally, since the configu-
ration does not involve two pairs of a lens combined with a
polarizing filter, imbalances and discrepancies in factors
such as zoom, aperture, focus, and angle of convergence do
not occur. Also, since the baseline for binocular parallax is
comparatively short, natural stereo images can be obtained,
while 2D images and 3D images can be easily obtained
depending on how image data is processed.

The foregoing thus describes the present disclosure on the
basis of preferred examples, but the present disclosure is not
limited to these examples. The configuration and structure of
the imaging apparatus, image sensors, image sensor arrays,
and image sensor units described in the examples are for
illustrative purposes, and may be modified as appropriate.
The image sensors may be taken to be back-illuminated as
illustrated in the drawings, but may also be taken to be
front-illuminated, although not illustrated in the drawings as
such.

A stereo image is displayed on the basis of right-eye
image data and left-eye image data, and the technique for
such display may involve a lenticular lens, a parallax barrier,
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or other technique in which circularly-polarized or linearly-
polarized filters are applied to two projectors, the right-eye
and left-eye images are respectively displayed, and an image
is observed with circularly-polarized or linearly-polarized
glasses corresponding to the display, for example. Note that
an ordinary 2D (flat) image can be observed if an image is
observed without using circularly-polarized or linearly-po-
larized glasses. Also, the processing sequence described in
the foregoing may be interpreted as a method having a series
of such operations, but may also be interpreted as a program
for causing a computer to execute a series of such opera-
tions, or a recording medium storing such a program. The
medium used as the recording medium may be a Compact
Disc (CD), MiniDisc (MD), Digital Versatile Disc (DVD),
memory card, or Blu-ray Disc (registered trademark), for
example.

An imaging apparatus according to the first to sixth modes
of the present disclosure may also be applied to a focusing
method that controls the focusing of an imaging lens on the
basis of image data based on electrical signals output from
a first image sensor and a third image sensor, and image data
based on electrical signals output from a second image
sensor and a fourth image sensor. In other words, focus can
be determined on the basis of first image data and second
image data from first image sensor units. Specifically,
assume that when the user of the imaging apparatus selects
a subject to bring into focus on the basis of an established
method, an image of that subject is formed on the image
sensor array 30 or 130 in an unfocused state. In this case, the
distance 2AX on the image sensor array 30 or 130 becomes
information regarding the subject’s focus, or in other words
the magnitude and direction of misalignment from the
in-focus position, similarly to that described in FIG. 4.
Consequently, the subject can be put into focus if the
focusing of the imaging lens is controlled, or in other words
if the focus function of the imaging lens is made to operate,
such that the distance 2AX becomes 0. Note that depending
on whether the imaging apparatus is arranged horizontally or
vertically, first image data may be generated on the basis of
the first image sensor and the third image sensor (or the first
image sensor and the second image sensor), while second
image data may be generated on the basis of the second
image sensor and the fourth image sensor (or the third image
sensor and the fourth image sensor). However, the configu-
ration is not limited thereto, and a two-dimensional focus
determination can also be made by generating third image
data on the basis of the first image sensor and the second
image sensor (i.e., image data similar to the first image data)
while generating fourth image data on the basis of the third
image sensor and the fourth image sensor (i.e., image data
similar to the second image data), rather than just generating
first image data on the basis of the first image sensor and the
third image sensor while generating second image data on
the basis of the second image sensor and the fourth image
sensor. Note that the first image data and the second image
data (and additionally, the third image data and the fourth
image data) may be image data obtained from all first image
sensor units, but may also be image data obtained from first
image sensor units positioned in the vicinity of the subject
to be brought into focus.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.



US 11,736,676 B2

27

Additionally, the present technology may also be config-
ured as below.
[1] <<Imaging apparatus: first embodiment>>
An imaging apparatus including:

(A) an imaging lens; and

(B) an image sensor array in which a plurality of first
image sensor units and a plurality of second image sensor
units are arrayed,

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

light passing through the imaging lens and reaching each
first image sensor unit passes through the first microlens and
forms an image on the plurality of image sensors constitut-
ing the first image sensor unit,

light passing through the imaging lens and reaching each
second image sensor unit passes through the second micro-
lens and forms an image on the image sensor constituting the
second image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the first image
sensor unit.
[2] <<Imaging apparatus: second embodiment>>
An imaging apparatus including:

(A) an imaging lens; and

(B) an image sensor array in which a plurality of first
image sensor units and a plurality of second image sensor
units are arrayed,

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

light passing through the imaging lens and reaching each
first image sensor unit passes through the first microlens and
forms an image on the plurality of image sensors constitut-
ing the first image sensor unit,

light passing through the imaging lens and reaching each
second image sensor unit passes through the second micro-
lens and forms an image on the image sensor constituting the
second image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the first image sensor unit.
[3] <<Imaging apparatus: third embodiment>
An imaging apparatus including:

(A) an imaging lens; and

(B) an image sensor array in which a plurality of first
image sensor units and a plurality of second image sensor
units are arrayed,

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

light passing through the imaging lens and reaching each
first image sensor unit passes through the first microlens and
forms an image on the plurality of image sensors constitut-
ing the first image sensor unit,

light passing through the imaging lens and reaching each
second image sensor unit passes through the second micro-
lens and forms an image on the image sensor constituting the
second image sensor unit,
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an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the first
image sensor unit.
[4] The imaging apparatus according to any one of [1] to [3],
wherein

the first image sensor unit includes four image sensors,
these being a first image sensor, a second image sensor, a
third image sensor, and a fourth image sensor, and

the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction.
[5] The imaging apparatus according to [2], wherein

the first image sensor unit includes four image sensors,
these being a first image sensor, a second image sensor, a
third image sensor, and a fourth image sensor, and

the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction, and

the inter-device light shielding layer is disposed in the
boundary regions of the first image sensor, the second image
sensor, the third image sensor, and the fourth image sensor,
and the planar shape of the inter-device light shielding layer
is square.
[6] The imaging apparatus according to [4] or [5], wherein

provided that a first virtual plane is the plane extending in
a first direction that includes the normal line of the first
microlens passing through the center of the first microlens,
the value of a center angle of incidence 6, obtained by
collimated light parallel to the first virtual plane from the
spatial region above the first image sensor and the third
image sensor passing through the first microlens and reach-
ing the second image sensor and the fourth image sensor in
all first image sensor units satisfies 0°<0,=<15°.
[7] The imaging apparatus according to [4] or [5], wherein

a length of the baseline for binocular parallax between an
image obtained from the first image sensor and the third
image sensor versus an image obtained from the second
image sensor and the fourth image sensor in all first image
sensor units is computed as 4f/(3xF) (mm), where f is the
focal length of the imaging lens and F is the f-number.
[8] The imaging apparatus according to any one of [1] to [7],
wherein

a 1-pixel unit includes a plurality of second image sensor
units, and

the surface area occupied by a single first image sensor
unit is equal to the surface area occupied by a 1-pixel unit.
[9] The imaging apparatus according to [8], wherein

the width of the inter-unit light shielding layer in the first
image sensor unit is greater than the width of the inter-unit
light shielding layer in the second image sensor unit.
[10] The imaging apparatus according to any one of [1] to
[9], wherein

the first image sensor unit includes four image sensors,
and

four second image sensor units constitute a 1-pixel unit.
[11] <<Image sensor array: first embodiment>>
An image sensor array including:

a plurality of first image sensor units; and

a plurality of second image sensor units arrayed therein;
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wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the first image
sensor unit.
[12] <<Image sensor array: second embodiment>>
An image sensor array including:

a plurality of first image sensor units; and

a plurality of second image sensor units arrayed therein;

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the first image sensor unit.
[13] <<Image sensor array: third embodiment>>
An image sensor array including:

a plurality of first image sensor units; and

a plurality of second image sensor units arrayed therein;

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the first
image sensor unit.
[14] <<Image sensor array: fourth embodiment>>
An imaging apparatus including:

(A) an imaging lens; and

(B) an image sensor array in which a plurality of image
sensor units are arrayed;

wherein a single image sensor unit includes a single
microlens and a plurality of image sensors,

light passing through the imaging lens and reaching each
image sensor unit passes through the microlens and forms an
image on the plurality of image sensors constituting the
image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the image sensor
unit.
[15] <<Image sensor array: fifth embodiment>>
An imaging apparatus including:

(A) an imaging lens; and

(B) an image sensor array in which a plurality of image
sensor units are arrayed;

wherein a single image sensor unit includes a single
microlens and a plurality of image sensors,

light passing through the imaging lens and reaching each
image sensor unit passes through the microlens and forms an
image on the plurality of image sensors constituting the
image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the image sensor unit.
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[16] <<Image sensor array: sixth embodiment>>
An imaging apparatus including:

(A) an imaging lens; and

(B) an image sensor array in which a plurality of image
sensor units are arrayed;

wherein a single image sensor unit includes a single
microlens and a plurality of image sensors,

light passing through the imaging lens and reaching each
image sensor unit passes through the microlens and forms an
image on the plurality of image sensors constituting the
image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the image
sensor unit.
[17] <<Image sensor array: fourth embodiment>>
An image sensor array including:

a plurality of image sensor units arrayed therein;

wherein a single image sensor unit includes a single
microlens and a plurality of image sensors,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the image sensor
unit.
[18] <<Image sensor array: fifth embodiment>>
An image sensor array including:

a plurality of image sensor units arrayed therein;

wherein a single image sensor unit includes a single
microlens and a plurality of image sensors,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the image sensor unit.
[19] <<Image sensor array: sixth embodiment>>
An image sensor array including:

a plurality of image sensor units arrayed therein;

wherein a single image sensor unit includes a single
microlens and a plurality of image sensors,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the image
sensor unit.
[20] <<Imaging method: first embodiment>>
An imaging method using an imaging apparatus in which

(A) an imaging lens is provided, and

(B) an image sensor array in which a plurality of first
image sensor units and a plurality of second image sensor
units are arrayed is provided,

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

light passing through the imaging lens and reaching each
first image sensor unit passes through the first microlens and
forms an image on the plurality of image sensors constitut-
ing the first image sensor unit,

light passing through the imaging lens and reaching each
second image sensor unit passes through the second micro-
lens and forms an image on the image sensor constituting the
second image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and
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a light shielding layer is not formed between the image
sensor units themselves which constitute the first image
sensor unit, or

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the first image sensor unit, or alternatively,

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the first
image sensor unit,

the first image sensor unit includes four image sensors,
these being a first image sensor, a second image sensor, a
third image sensor, and a fourth image sensor, and

the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction,
the imaging method including:

generating electrical signals with the first image sensor
and the third image sensor in order to obtain one of either a
right-eye image or a left-eye image;

generating electrical signals with the second image sensor
and the fourth image sensor in order to obtain the other of
either a right-eye image or a left-eye image; and

outputting the electrical signals.

[21] <<Imaging method: second embodiment>>
An imaging method using an imaging apparatus in which

(A) an imaging lens is provided, and

(B) an image sensor array in which a plurality of image
sensor units are arrayed is provided,

wherein a single image sensor unit includes a single first
microlens and a plurality of image sensors,

light passing through the imaging lens and reaching each
image sensor unit passes through the microlens and forms an
image on the plurality of image sensors constituting the
image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the image sensor
unit, or

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the image sensor unit, or alternatively,

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the image
sensor unit,

the image sensor unit includes four image sensors, these
being a first image sensor, a second image sensor, a third
image sensor, and a fourth image sensor, and

the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction,
the imaging method including:

generating electrical signals with the first image sensor
and the third image sensor in order to obtain one of either a
right-eye image or a left-eye image;

generating electrical signals with the second image sensor
and the fourth image sensor in order to obtain the other of
either a right-eye image or a left-eye image; and

outputting the electrical signals.

[22] The imaging method according to [20] or [21], wherein
image data for obtaining a right-eye image and image data
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for obtaining a left-eye image is obtained on the basis of a
depth map created on the basis of electrical signals from the
first image sensor and the third image sensor as well as
electrical signals from the second image sensor and the
fourth image sensor, and electrical signals output from
image sensors constituting second image sensor units.
[23] <<Focusing method: first embodiment>>

A focusing method using an imaging apparatus in which

(A) an imaging lens is provided, and

(B) an image sensor array in which a plurality of first
image sensor units and a plurality of second image sensor
units are arrayed is provided,

wherein a single first image sensor unit includes a single
first microlens and a plurality of image sensors,

a single second image sensor unit includes a single second
microlens and a single image sensor,

light passing through the imaging lens and reaching each
first image sensor unit passes through the first microlens and
forms an image on the plurality of image sensors constitut-
ing the first image sensor unit,

light passing through the imaging lens and reaching each
second image sensor unit passes through the second micro-
lens and forms an image on the image sensor constituting the
second image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the first image
sensor unit,

an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the first image sensor unit, or alternatively,

an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the first
image sensor unit,

the first image sensor unit includes four image sensors,
these being a first image sensor, a second image sensor, a
third image sensor, and a fourth image sensor, and

the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction, the focusing method including:

controlling the focusing of an imaging lens on the basis of
image data based on electrical signals output from the first
image sensor and the third image sensor, and image data
based on electrical signals output from the second image
sensor and the fourth image sensor.
[24] <<Focusing method: second embodiment>>

A focusing method using an imaging apparatus in which

(A) an imaging lens is provided, and

(B) an image sensor array in which a plurality of image
sensor units are arrayed is provided,

wherein a single image sensor unit includes a single first
microlens and a plurality of image sensors,

light passing through the imaging lens and reaching each
image sensor unit passes through the microlens and forms an
image on the plurality of image sensors constituting the
image sensor unit,

an inter-unit light shielding layer is formed between the
image sensor units themselves, and

a light shielding layer is not formed between the image
sensor units themselves which constitute the image sensor
unit, or
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an inter-device light shielding layer is formed only par-
tially between the image sensors themselves which consti-
tute the image sensor unit, or alternatively,
an inter-device light shielding layer is formed between the
image sensor units themselves which constitute the image
sensor unit,
the image sensor unit includes four image sensors, these
being a first image sensor, a second image sensor, a third
image sensor, and a fourth image sensor, and
the first image sensor and the second image sensor are
disposed along a first direction, the third image sensor is
adjacent to the first image sensor along a second direction
orthogonal to the first direction, and the fourth image sensor
is adjacent to the second image sensor along the second
direction,
the focusing method including:
controlling the focusing of an imaging lens on the basis of
image data based on electrical signals output from the first
image sensor and the third image sensor, and image data
based on electrical signals output from the second image
sensor and the fourth image sensor.
What is claimed is:
1. A light detecting device, comprising a pixel array with
pixels arranged in rows and columns, the pixel array com-
prising:
(a) a first pixel unit comprising (i) a single and first
microlens and (ii) a plurality of pixels with a respective
plurality of photoelectric conversion regions; and
(b) a second pixel unit comprising (i) a single and second
microlens and (ii) a single pixel with a respective single
photoelectric conversion region,
wherein,
the first and second microlenses are disposed above a
substrate,

the plurality of photoelectric conversion regions of the
first pixel unit and the single photoelectric conver-
sion region of the second pixel unit are disposed in
the substrate,
a grid structure is disposed above the substrate and
disposed below the first and second microlenses,
the first microlens and a first opening of the grid
structure correspond to the plurality of photoelectric
conversion regions of the first pixel unit,

the second microlens and a second opening of the grid
structure correspond to the single photoelectric con-
version region of the second pixel unit,

the plurality of pixels of the first pixel unit comprise a
first pixel and a second pixel,

the first pixel and the second pixel of the first pixel unit
and the single pixel of the second pixel unit are
disposed in a first row, and

the first pixel unit is for parallax detection and the
second pixel unit is for image generation.
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2. The light detecting device according to claim 1,
wherein, in a plan view, the first microlens is different in size
than the second microlens.

3. The light detecting device according to claim 2,
wherein, in the plan view, the first microlens is larger than
the second microlens.

4. The light detecting device according to claim 1,
wherein, in a plan view, the first opening is different in size
than the second opening.

5. The light detecting device according to claim 4,
wherein, in the plan view, the first opening is larger than the
second opening.

6. The light detecting device according to claim 1,
wherein, in a plan view, the first microlens and the first
opening overlap the plurality of photoelectric conversion
regions of the first pixel unit and the second microlens and
the second opening overlap the photoelectric conversion
region of the second pixel unit.

7. The light detecting device according to claim 1,
wherein the first pixel unit and the second pixel unit have
footprints of different sizes.

8. The light detecting device according to claim 7,
wherein the footprint of the first pixel unit is larger than the
footprint of the second pixel unit.

9. The light detecting device according to claim 1,
wherein, in a plan view, one of the plurality of photoelectric
conversion regions of the first pixel unit and the photoelec-
tric conversion region of the second pixel unit are equal in
area.

10. The light detecting device according to claim 1,
wherein the first pixel unit further comprises a single and
first color filter and the second pixel unit further comprises
a single and second color filter.

11. The light detecting device according to claim 10,
wherein, in a plan view, the first color filter is different in
size than the second color filter.

12. The light detecting device according to claim 11,
wherein, in the plan view, the first color filter is larger than
the second color filter.

13. The light detecting device according to claim 10,
wherein the first pixel unit is disposed adjacent to the second
pixel unit.

14. The light detecting device according to claim 13,
wherein the first color filter and the second color filter are
each configured to transmit light of a first color.

15. The light detecting device of according to claim 14,
wherein the first color is green.

16. A light detecting apparatus comprising:

an imaging lens;

an image processor; and

a light detecting device according to claim 1.
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